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and techniques for forming \ 



(57) Techniques for fabricating an inlcjet printhead 
include providing a printhead substrate (100), fabricat- 
ing a thinfflm structure (101) on the substrate, forming 
a break trench (1 24) in a surface region of the substrate 
in which a feed slot is to be fonned. and subsequently 



abrasivety machining the substrate through the break 
trench to fonm the feed slot (126). The break trench can 
be formed by an etch process, prior to applying a barrier 
layer (112) to the thtnfilm structure in a prefen^ enrv 
bodlment. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to substrates 
such as those used in inl<jet printheads and the like. 

BACKGROUND OF THE INVENTION 

[0002] Various Inkjet printing an^angennents are 
known in the art and include both thermally actuated 
printheads and mechanically actuated printheads. Ther- 
mal actuated printheads tend to use resistive elements 
or the like to achieve ink expulsion, while mechanically 
actuated printheads tend to use piezoelectric transduc- 
ers of the like. 

[0003] A representative thermal inl^et printhead has 
a plurality of thin film resistors provided on a semicon- 
ductor substrate. A nozzle plate and barrier layer are 
provided on the substrate and define the firing chambers 
about each of the resistors. Propagation of a current or 
a 'Yire signal" through a resistor causes ink in the corre- 
sponding firing chamber to be heated and expelled 
through the appropriate nozzle. 
[O0O4] ink is typically delivered to the firing chamber 
through a feed slot that is machined in the semiconduc- 
tor substrate. Hie substrate usually has a rectangular 
shape, with the slot disposed longitudinally therein. Re- 
sistors are typically arranged In rows located on both 
sides of the slot and are preferably spaced approximate- 
ly equal distances from the slot so that the ink channel 
length at each resistor is approximately equal. The width 
of the print swath achieved by one pass of a printhead 
Is approximately equal to the length of the resistor rows» 
which In tum is approximately equal to the length of the 
slot. 

[O0O5] Feed slots have typically been fonned by sand 
drilling (also known as "sand slotting^. This method is 
preferred because it is a rapid, relatively simple and 
scalable (many substrates may be processed simulta- 
neously) process. While sand slotting affords these ap- 
parent benefrts, sand slotting is also disadvantageous 
in that it causes micro cracks in the semiconductor sub- 
strate that significantly reduce the substrates fracture 
strength, resulting in significant yield loss due to cracked 
die. Low fracture strength also limits sut>strate length 
which In tum adversely impacts print swath height and 
overall print speed. 

[0006] Other techniques include ultrasonic diamond 
bit drilling, abrasive sandblasting, YAG laser machining, 
KOH etching, TMAH etching, and dry plasma etching. 
[0007] Ultrasonic diamond bit drilling is only suited for 
machining round holes. Moreover, this process creates 
large chips to glass and silicon on both the input and 
output side of the through hole. These chips are too 
large (hundreds of microns) to allow the resistors to be 
close to the Ink feed slot. 

[0008] Abrasive sand blasting also has chipping prob- 



lems, due to ch ipping of th waf r around the output side 
of th through slot. This chipping causes two separat 
issues. Nomially th chipping is tens of microns larg 
and limits how clos the firing chamber can be placed 
s to the edge of the slot. Occasionally the chipping is larg- 
er and causes yield loss in the manufacturing process. 
The chipping problem is more prevalent as Oie desired 
slot length increases and the desired slot width decreas- 
es. In this process the resulting shape of the slot Is cen- 
to trolled by many factors. The variation of the slot edge 
position causes variation on the ink flow resistance. The 
slot position is controlled mechanicalty in a harsh envi- 
ronment, thus limiting the accuracy and repeatability of 
the slot positioning to about +/-15 microns. 
15 [0009] YAG laser machining also has disadvantages. 
The laser system is expenshfe to buy and maintain. Th 
relatively small laser beam needs to be "paned/ i.e. 
moved, around the parameter of the desired slot area 
and needs multiple passes to cut through the wafer. Th 

so laser produces a small spot (around 1 0 to 50 mk:rons in 
diameter) where the laser energy is focussed. This small 
active area requires that the laser spot be moved around 
the perimeter of the area that is to be cut while the laser 
Is pulsed. It takes many laser pulses at each perimeter 

£s location to cut through the silicon wafer, which in an ex- 
emplary embodiment has a nominal thickness of 670 mi- 
crons. Typical wafer processing time is 2 to 3 hours, lim- 
iting system capacity. As the laser bums through the sil- 
k:on there is an area around the cut where the siikson is 

30 melted, not vaporized. This molten silicon is spattered 
around the edge of the drill slot causing problems with 
part adhesion and leaving globules or slag that can later 
break loose and clog the ink feed path. The area around 
the laser cutting zone gets hot enough to cause damage 

.35 to the thinfilm and barrier material. 

[0010] KOH (Potassium hydroxide) etching can dam- 
age the thin films, since KOH Is a corrosive basic chem- 
ical whteh will etch silken, and will attack the thinfilms 
used in many types of Inkjet printheads. To avoid the 

^ KOH etch attack of the thinfilms . the etch process needs 
to occur priorto the thinfilm processing. This processing 
order causes problems k>ecause trenched wafers can 
not be handled by many of the thinfilm processing tools. 
For an anisotropic etch, the etch rate is different for dif- 

45 ferent crystalline planes; therefor the etch geonr^ry is 
defined by the crystalline planes. Etch angles cause the 
backsKie opening of a slot to be very large and limit how 
close the s lots can be placed to each other and the edge 
of the die. 

50 [001 1 1 TMAH (Tetra Methyl Ammonium Hydroxide) is 
another anisotropic etchant for silicon. TMAH etching 
techniques on <100> silicon employ etch angles caus- 
ing the backside opening of a slot to be very large, and 
thus limit how close the slots can be placed to each other 

S5 and the edge of the die. An anisotropic eteh. the TMAH 
etch rate is different for different crystalline planes, and 
therefore the etch geometry is defined by the crystalline 
planes. Etch rates are only about 1 micron per minute. 
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Typical wafer etch rates are about 8 hours if tchedfrom 
both sides and 12 hours if etched from nesid .Wafers 
can b batch processed. The masking films are drasti- 
cally und rcut as a result of th xtend d etching tim . 
Th se films can break and become a mobil contami- 
nant that can block ink f tow in the pen. The etch backing 
oxides around the edge of the wafer are scraped and 
damaged during wafer handling. Where the oxide layer 
on the wafer has been damaged, etching occurs, caus- 
ing problems for wafer fragility and handling in subse- 
quent process steps. Slots in the wafer causes thinning 
of the barrier material. 

[0012] Dry plasma etching techniques utilize relative- 
ly slow etch rates. Etch rates are only about 2 micron 
per minute. Typk:al wafer etch rates are about 3 hours 
if etched from both sides and 6 hours if etched from one 
side. Wafers can not be batch processed. Long etches 
cause damage to thlnfilms that are used in Inkjet. Dry 
plasma etchers are very expensive. Slots in the wafer 
causes thinning of the barrier material. 

SUMMARY OF THE INVE^mON 

[00131 A method of fabrteating an Inkjet printhead is 
described, and includes providing a printhead substrate, 
fabricaling a thinfilm stmcture on the substrate, forming 
a break trench in a surface region of the substrate in 
whtoh a feed slot is to be fonned, and subsequently 
abrash/ely nrtachining the substrate through the break 
trench to form the feed stot 

[001 4] In accordance with an aspect ol the inventton, 
the break trench is fonmed by an etch process. The etch 
„ process is perf orrned prior to applying a barrier layer to 
the thinfllm structure In a preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWING 

[0015] These and other features and advantages of 
the present invention will become more apparent from 
thefolk)wlng detailed description of exemplary embod- 
iments thereof, as Illustrated in the accompanying draw- 
ings, in which: 

FIG. 1 A is a top plan view of the printhead structure 
after the first step of the printhead fabricatton proc- 
ess, i.e. after the inlqet thin film structure has been 
formed on the silicon substrate. FIG. 1 B is a cross- 
sectional view of the printhead structure of FIG. 1 A 
after a further step of the fabrication process, the 
TMAH etch process, has been performed to create 
a slot break trench. 

FIG. 2A illustrates in top plan view the top of the 
substrate after the thin fnm fabrication step on the 
sut)strate, for a first attemate embodiment of the 
fabricatton process. FIG. 2B is a cross-sectlonaJ 
view of the printhead structure of FIG. 2A. after the 
TMAH etch process has been perfonmed for this al- 
temate embodiment. 



FIG. 3A illustrates in top plan view for a second al- 
ternate embodiment of a printhead fabrication proc- 
ess the top of the substrate after th thin film fabri- 
cation step on the substrate. FIG. 38 Is a cross-sec- 
5 tional view of the printhead structure of FIG. 3A. af- 
ter th TMAH etch process has been p rform d to 
create a break trench. 

FIG. 4A illustrates in top plan view for a third alter- 
nate emt>odiment of a printhead fabrication process 

10 the top of the substrate after the thin film fabrication 
step on the substrate. FIG. 4B is a cross-sectional 
view of the printhead structure of FIG. 4A, after the 
TMAH etch process has been performed to create 
a break trench and after the barrier layer is applied. 

15 FIG . 5A illustrates in top plan view for a fourth alter- 
nate embodiment the top of the substrate after the 
thin film fabrication step on the substrate. FIG. 5B 
is a cross-sectional view of the printhead structure 
of FIG. 5A taken along line 5B-5B of FIG. 5A, after 

so the TMAH etch process has been perf onned to cre- 
ate a tireaK trench and after the barrier layer Is ap- 
plied. FIG. 5C is a cross-sectional view of the print- 
head stmcture of RG. 5A taken along line 5C-5C of 
FIG. 5A, after the TMAH etch process has been per- 

25 formed to create a break trench and after the barrier 
layer is eipplted. 

FIG. 6A diagrammaticaily depk:ts in a top view of a 
substrate a further ennbodiment, wherein trenches 
serving as chip stop bars are not connected at the 

30 comers. FIG. 6B is a cross-sectional view taken 
along line 6B-6B of RG. 6A. 
FIG. 7A illustrates in a top view a further embodi- 
ment of a break trench process, similar to the em- 
bodiment of FIG. BA. except that the top and bottom 

S5 chip stop bars are omitted. FIG. 78 is a cross-sec- 
tional view taken along line 7B-7B of FIG. 7A. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 

[0016] An exemplary embodiment of a process In ac- 
conlance with aspects of this invention uses the th Inf llm 
materials and processes heretofore empk>yed In Inkjet 
printhead construction. The changes to this process in- 

*5 votve the redesign of the artwork on the photomask set 
to altow for the silicon wafer to be uncovered in the de- 
sired arsa for a TMAH (Tetra Methyl Ammonium Hydrox- 
ide) etching of the trenches in accordance with this as- 
pect of the invention. TMAH Is an anisotropic etchant for 

50 8ilk»3n. For an antsotropx: etch, the etch rate is different 
for different crystalline planes, and thus the etch geom- 
etry is defined k>y the crystalline pleuies. This etching of 
the trenches happens after the thinfilm processes are 
complete and before the barrier material is applied. This 

55 TMAH etch process Includes a few short steps: 

1. Wafer Surface cleaning in the Backside Oxide 
Etch (BOE). 
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2. Oe*ionized water Rins . 

3. TMAH Etching. 

4. Oe-lonized water Rinse. 

[0017] Th waf rs are then subjected to the curr nt 
pr cessing to complete the pen construction. The abra* 
sive drill process is tuned to match the shape and size 
required to work with the trench design. A simplified 
process flow for creating the printhead is shown t>elow 
for each process. 

1 . Create Inlcjet Thinfilm Structure 

2. Perform TMAH Etch Process 

3. E-test Thinfilm 

4. Apply and Pattem Barrier 

5. Create Inkfeed Slot with Abrasive Machining 

6. Attach Orifice 

7. Saw Wafer 

8. Attach Printhead to Rex Circuit 

(OOiq Steps 1 and 3-8 are the steps In the state of 
the art process described above. Step 2 is the new 
trench etch step described above. 
[0019] Aspects of the Invention solve several prob- 
lems, including the following. The chipping that is nor- 
mally caused by the abrasive machining process is con- 
tained and stopped by the parameter etch trench. In 
many cases, the etch trench defines the cracic location 
site. Therefore the slot edge can be moved closer to the 
resistor to give a faster ink refill rate along with a low 
scrap rate regardless of slot width and length. 
[0020] The slot or trench shape can be accurately and 
repeatedly defined through a photolithography process 
and the crystalline planes of the silicon which define the 
trerich shape. TMAH has dramatically different etch 
rates for the diffenent crystalline planes. Due to this fact, 
for an etching from the <1 00> plane at the surface of the 
silicon wafer, the etch will proceed down Into the wafer 
until it reaches the <111> pl€me. The <111> plane is at 
a 53 degree angle to the <1 00> plane, and will therefore 
etch a "V" shaped notch in cross section. On the <100> 
plane, the <111> planes intersect at 90 degree angles, 
and therefore square or rectangular patterns can be 
readily formed to the molecular level with trenches hav- 
ing the trench cross-section. The photolithography 
process which defines the trench position also altows 
the trench slot edge positlorts to be accurately and re- 
peatedly placed. 

[0021] The etched silicon tranches are shaltow and 
etch relatively quickly. Typical wafer etching time is 
20-50 minutes for a batch of 25 wafers. Typical wafer 
abrasive drill time is 50-70 minutes. The etch times are 
short enough that no significant damage occurs to the 
wafer edge. This process does not create suffk:ient heat 
to cause damage to surrounding thinfilms or InkJet ma- 
terials. 

[0022] Barrier thinning is minimized by the narrow and 
reladvely shallow etched trench used by this process 



technology. The TMAH tch and relatively short etch 
times prevent damage to the thinfiims on th Inkjet print- 
head. Control of the chipping utside of the etched 
trench minimizes thinfilm damag due to chipping. 
s [0023] Sev ral exemplary trench designs are illustrat- 
ed in FIGS. 1 A-7, in which like ref rence numbers refer 
to like elements, and described betow. 

Break-Trench Slot Embodiment (FIGS. 1 A-1 B). 

10 

[00241 In the break-trench embodiment, a v-trench is 
etched around the perimeter of the ink feed slot area 
prior to the abrasive drill process. This trench works as 
a crack initiatton site to control the breakthrough locatton 
IS for the abrasive machining, in this embodiment, an abra- 
sive drill process. In addition, this trench stops the prop- 
agation of the shallow chipping experienced with the 
abrasive drill process. 

[0025] FIG. 1A is a top plan view of the printhead 
^ structure 1 00 after the first step of the fabricatmn proc- 
ess, i.e. after the Inkjet thin film structure has been 
formed on the silteon substrate. FIG. IB is a cross-sec- 
tional view of the printhead structure 1 00 after the TMAH 
etch process has been performed to create a break 
2s trench and after the barrier layer 112 Is applied. 

[0026] The printhead stmcture 1 00 includes a silcon 
sut>strate 102 on which various patterned layers have 
been formed to fabricate the thin film structure, shown 
generally as 101 in FIG. IB. The thin film structure de- 
30 tails will vary in dependence on the particular printhead 
design. FIGS. 1A-1B illustrate in simplified fonn some 
of the patterned layens defining an exemplary thin film 
structure. These include a fiekJ o)dde layer 104. a poty- 
silicon layer 108, a passivation layer 108 Including slii- 
35 oon carfoKle and silicon nitride layers, a tantalum layer 
110 to define heating resistors for the printhead. Not 
shown, for example is an aluminum layer defining wiring 
traces. 

[0027] The location of the desired feed slot for the 
^ printhead is indicated by dashed line 120 in FIG. 1A. 
which marks the periphery of the desired slot The print- 
head material within this line 120 is to be removed to 
provide the feed slot for the printhead. The field oxide 
(FOX) layer In the area of the feed slot will sen^e as a 
^ mask for the TMAH etching, and has been removed in 
the region 122 about the line 120, in preparation for the 
TMAH trench etch process. The FOX layer is typically 
removed to obtain substrate contacts to the silicon in the 
thermal Inkjet fabrication process. However, in the past, 
so the FOX layer has remained in the ink feed slpt area. 
TMAH will not etch the FOX layer, and thus the FOX 
needs to be selectively removed to allow the etching of 
the silicon substrate to occur The photomask design for 
the contact etch is changed, from the prfor design, so 
ss that the FOX will be removed for the substrate contacts 
and the break trench at the same time. This area is then 
kept open throughout the remaining thinfilm processing 
before going through the TMAH etch process to create 
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th breaktrench. 

[0028] Alt mativ ly, inst ad of using th FOX lay ras 
the mask for ttieTMAH tching process, the passivation 
layer(SiN/SIC)canbeemployedforthispurpos .Inon 
exemplary alternate mbodim nt. this passivation lay r 
is extended so that It ov riapstheedgeof th FOX layer 
by about 3 microns. 

[0029] After the TMAH etch process, a break trench 
124 (FIG. 1 B) is formed tn the substrate 102. In an ex- 
emplary embodiment, the trench is 80 mk:rons wkle to 
a target depth of 58 mtorons. although the width and 
depth of the trench may be different for different slot siz- 
es or applications. Now the remaining steps 3-8 in the 
fabricatk>n process can be perfonned. These include 
the electronic testing of the thin film stmcture, and the 
application and patterning of the barrier layer 112 (FIG. 
2B). The barrier layer is typically a polymer layer. 
[0030] After the barrier layer Is fabricated on the print- 
head structure, the ink feed slot is created by abrasive 
machining. In this case by abrasive drilling from the un- 
derside of the substrate 1 02 (opposite side from the thin- 
film layer side) along a drill slot 1 26. The abrasive drilling 
process in an exemplary ennbodlment utilizes a sand 
blasting system that mixes a fine aluminum oxide abra- 
sive into a high-pressure air stream. This mixture of 
abrasive and air is then plumed to a nozzle that is sized 
and shaped to create the desired cut profile in the sub- 
strate. The abrasive drilling cutting time, cutting pres- 
sure and nozzle separation for the silicon substrate is 
adjusted to obtain an appropriate slot through the silicon 
substrate. 

[0031] The drill sk>t 1 26 preferably enters the bottom 
of the trench 14. Now the substrate material enveloped 
within the drill slot, indicated in FIG. 1 A as 102A, is com- 
pletely separated from the remainder of the sut>strate, 
and can be removed to create the feed slot for the prirvt- 
head. 

[0032] Now the printhead structure ICQ can be 
passed through the remaining fabrication steps, includ- 
ing attachment of the orifice plate, wafer sawing and the 
attachment of the printhead to a flexible dicuit, typically 
a TAB circuit, for attachment to a printhead pen body. 

Break-Trench and Drill Guide Trench Slot Embodiment 
(FIGS. 2A-2B). 

[0033] I n this embodiment, the initial breakthrough oc- 
curs along a deeper "drill guide* trench and then grows 
out to the perimeter etch trench. The perimeter etch 
trench is used primarily as a chip stop feature. Thus, 
with this process, the sand slotting process will first 
break through the wafer at the location of the center 
trench. The sand slotting will then be continued until the 
through slot has grown to the size of the outer break- 
trench. A chip stop feature is one that will stop the prop- 
agation of shallow chips by allowing them to be termi- 
nated by breaking through the inside wail of the trench. 
When the chips or cracks break through the inside wail. 



th chip will stop as it can not propagate the stress 
through the gap. 

[0034] FIG. 2A illustrates in t p plan view th top of 
the substrat 1 02 after th thin film fabrication step on 

5 th substrate. Th tructure illustrated in FIG. 2A is sim- 
ilar to that shown In FIG. 1 A, but th fieU oxid layer in 
the center of the location of the feed slot is also removed, 
so that the silicon substrate surface is also exposed at 
122A. The TMAH trench etch process is then per- 

10 f omied. to define a perimeter etch trench 1 34 which fol- 
kws the outline of dashed line 1 20 (FIG. 2A). as well as 
a deeper drill guide trench 132 in the central regk>n 
122A. In an exemplary embodiment, the perimeter 
trench is approximately 60 microns wide by 43 microns 

IS deep at its maximum depth, and the drill guide trench is 
approximately 80 microns wKle by 53 microns deep at 
its maximum depth. 

[0O35] The width of the etch mask wiU detennine th 
tenninal depth of the trenches produced by the TMAH. 
20 This Is due to the low etch rate of the <11 1 > plane In the 
silicon crystalline structure. The shallow perimeter 
trench will reach a stopping point when the <1 1 1 > planes 
temrtinate in a shaip "V. The wider center trench will not 
have reached this termination point and will continue to 
25 etch at the higher etch rate. 

(0036] After the TMAH etch process has been per- 
fomned. and the two trenches 132, 1 34 fonned. as illus- 
trated in RG. 2B, the remaining steps in the fabrication 
process are performed. The abrasive drilling occurs 
30 along drill slot 136, and an initial breakthrough of th 
silicon substrate 50 occurs along the deeper drill gukle 
trench 132. The removal of material then grows out t 
the perimeter etch trench 134. The size of the through 
trench will be determined by the mechanical sand slot- 
35 ting process. 

[0037] Center-Trench Full Slot Embodiment (FIGS. 
3A-3B). In this embodiment, the abrasive drill slot is 
small enough to be placed in the center of the TMAH 
etch trench, and the sloped sides of the trench are used 
40 to contain the chipping and define the slot sha^ and 
position. 

[0038] FIG. 3A illustrates in top plan view the top of 
the substrate 1 02 after the thin film fabrication step on 
the substrate. FIG. 3B shows in cross-section the sub- * 
45 strata 102 after the TMAH etch process has been per- 
formed, and after the barrier layer 112 has been applied. 
The structure illustrated in FIG. 3A is similar to that 
shown in FIG. 1 A, but the field oxide layer 104 in the 
location of the feed slot is also removed to near the edg- 
so es, leaving border region 1 04C of the field oxide layer, 
so that the silnon substrate surface is also exposed at 
area 156. The TMAH trench etch process is then per- 
formed, to define an etch trench 1 52 whx:h follows the 
outline of dashed tine 120 (FIG. 3A). 
55 [0039] After the TMAH etch process has been per- 
formed, and the trenches 152 formed, the remaining 
steps in the fabrication process are performed. The 
abrasive drilling occurs along drill stot 154, and the re- 
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moval of material insid the drill slot provides th ink fill 
slot. This embodiment can provide a narrower fill slot 
than th first two embodiments in s me applications. 



Cent r-Trench Mult^le Slot Embodiment (FIGS. 4A- 
«L 

[0040] This embodiment is similar to the center trench 
embodiment described with respect to FIGS. 3A-3B, but 
multiple small slots are employed so that additional sil- 
icon is left in the center of the prlnthead die to increase 
die strength. 

[0041] FIG. 4A illustrates in top plan view the top of 
the substrate 1 02 after the thin film fabrication step on 
the substrate. FIG. 4B is a cross-sectional view of the 
printhead structure 170 after the TMAH etch process 
has been performed to create a break trench and after 
the barrier layer 112 is applied. The stmcture illustrated 
in FIG. 4A is similar to that shown in FIG. 3A with the 
field oxide layer 104 in the location of the feed slot re- 
moved to near the edges, leaving border region 104C 
of the field oxide layer Dashed lines 172A-1720 indi- 
cate the desired perimeters of the multiple inkfeed slots. 
The TIMAH trench etch process is then performed, to 
define one etch trench in the region 1 78. 
[0042] After the TMAH etch process has been per- 
formed, and the trench 1 74 formed, the remaining steps 
in the fabrication process are performed. The abrasive 
drilling occurs along a drill stot for each sk>t location 
172A-172D, Including drill slot 176C for slot location 
172C, and the removal of material inside the drill stots 
provides the multiple slots. Thus, a nozzle with a plural- 
ity of slots fed from a single source would be produced 
to drill the desired pattem in a single process step. In an 
exemplary embodiment, the small rectangular openings 
are approximately 200 microns wide by 1500 microns 
long, with 1500 microns spacing between the nozzle 
openings. Therefore the nozzle produces a series of 
smaller slots. 

Island Trench Multi-Slot EnBbodiment (FIGS. 5A-5C). 

[0043] In this design. Islands are left between the ink 
feed slots to help support the barrier, give additional die 
strength and promote the removal of air bubbles. The 
wedge shape of the island to slot edge forces the air 
bubbles towards the ink feed slots as they grow. 
[0044] FIG. 5A illustrates in top plan view the top of 
the substrate 102 after the thin film fabricatton step on 
the substrate. FIG. SB is a cross-sectional view of the 
printhead structure 190 after the TIMAH etch process 
has been performed to create a break trench and after 
the barrier layer 112 is applied. The structure illustrated 
in FIG. 5A is similar to that shown in FIG. 4A. except 
that pyramid-shaped islands 104D1-104E>3 of the field 
oxide layer 1 04 are left in the feed slot area. These is- 
lands will mask the underiying areas of the siltoon sub- 
strate from the TMAH etching process. Dashed lines 



1 72A-1 72D indicate the desired perimeters of the mul- 
tiple inkfeed stots. 

[0045] The TMAH trench etch process is th n per- 
formed, to define a patterned etch trench 1 92 in the re- 
s gion 178. 

[0046] After th TMAH etch process has been per- 
formed, and the trench 1 92 fonned, the remaining steps 
in the fabrication process are perfonned. When the bar* 
rier layer 1 1 2 Is applied, the barrier wni cover the pyra- 

10 mid-shaped Islands 1 04D1 -1 04D3. as indicated in FIG. 
SC. The abrasive drilling occurs along a drill slot for each 
stot location 1 72A-1 72D, including drill slot 1 76C for sk3t 
location 172C, and the removal of material inside the 
drill slots provides the mult^le slots. 

IS [0047] The island trench design uses different artworic 
on the FOX (hardmask) level to pattem islands In the 
center of the Ink feed slot area. This photomask is de- 
signed to leave pyramkj shaped islands in the center of 
ttie ink feed slot area, as shown in FIG. 5A. As in the 

so foregoing embodiments, the banler layer is then lami- 
nated and patterned, and in this case the barrier lay r 
material is left covering the top of the pyramid-shaped 
islands to help support the orifice plate that is applied at 
a later time. The drill process is perfomned as in the em- 

25 bodiment of FIGS. 4A-4B, in that a number of small 
through slots are created between the islands as shown 
in FIG. 5B. The through slots in cross-section have a 
shallow trench at the center of the island that becomes 
deeper and wider as it approaches the cross-section at 

30 



Chip Stop Bars. 

10040] FIGS. 6A-6Bdiagrammaticalty depict a furth r 

33 embodiment, wherein trenches serving as chip stop 
bars are not connected at the comers. FIG. 6A is a dia- 
grammatic top view of the substrate 220 after fabrication 
step 2, i.e. after the silicon substrate with the thinfilm 
layers have been subjected to the TMAH etching proc- 

40 ess. to form side trenches 226A, 226B and top and bot- 
tom trenches 228A, 228B. The drill slot is indk:ated by 
dashed line 222. All substrate within line 222 is to b 
removed during the abrasive machining process con- 
ducted atong drill slot 232 (FIG. 6B) to form the feed slot. 

^ In an exemplary embodiment, the side trenches are 80 
microns wide by 8300 mk^rons long, and the top and bot- 
tom trenches are 160 microns wide by 80 mbrons high. 
The separation of the sMe trenches. outeMe to outsid . 
Is 260 microns; the separation of the top and bottom 

50 trenches, outside to outside, is 8460 micro.ns. The 
trenches have a target depth of 58 microns for this em- 
bodiment. 

[0049] Field oxide layer regions 104A and 104E1 -E4 
(FIG. 6A) provide separation definition between the side 
35 trenches 226A-226B and the top and bottom trenches 
228A-22BB. 

[0050] The embodiment of PIG. 6A provides several 
advamages. Banler thinning differences between the 
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slotcenterand ends should b reduced, since the tr nch 
at the nds of the slot would not tch as deeply or as 
wide as in th embodiment of FIG. 1 A. Protection from 
die chipping is still in place on atl sides of the die. A pos- 
sible disadvantage is that the increased number of 
sharply etched com rs may lead to reduced di 
strength. 

Side Trench Design. 

[0051] FIGS. 7A-7B illustrate a further embodiment of 
a break trench process, similar to the embodiment of 
FIGS. 6A-6B, except that the top and bottom chip stop 
t>ars are omitted. FIG. 7A is a diagrammatic top view of 
the substrate 240 after fabrication step 2, i.e. after the 
silicon substrate with the thinf ilm layers have been sub- 
jected to the TM AH etching process, to form side trench- 
es 246A, 246B. As in FIG. 6A, the nominal drift slot is 
indicated by dashed line 222, and in an exemplary em- 
bodiment this feature can have the same nominal size 
as indicated above for the exemplary embodiment de- 
scrft>ed regarding FIG. 6A. For the sut>strate 240, only 
the side chip stop bars 246A. 246B are employed, and 
are separated by FOX layer region 104F (FIG. 7A). 
Thus, etch trenches are provided at both sides of the 
slot area, but no etch trenches are provided at the top 
and bottom of the slot In one exemplary embodiment, 
the side trenches can have a width of 80 microns and a 
length of 8430 microns. In another exemplary embodi- 
ment, the trenches are left somewhat short of the end 
of the slot to provide increased die strength, and have 
a length of 8100 microns. The substrate material within 
tine 222 is to be removed during the subsequent abra- 
sive machining process conducted along drill slot 250 
(FIG. 78). 

[0052] it is understood that the above-described em- 
bodiments are merely Illustrative of the possible specific 
embodiments which may represent principles of the 
present invention. Other arrangements may readily be 
devised in accordance with these principles by those 
skilled In the art without departing from the scope and 
spirit of the Invention. 



Ctelira 

1. A method of fabricating an Inkjet printhead (100), 
comprising: 

provMIng a printhead substrate (102); 
fabricating a thinfilm structure (1 01 ) on the sut>- 
strate; 

forming a break trench structure In a surface 
region of the substrate In which a feed slot (1 20) 
is to be fomrted; 

subsequently abrasively machining the sub- 
strate through the break trench structure to 
form the feed slot. 



2. A method according to Claim 1 , wherein th step of 
fabricating the thinfilm structure includes fabricating 
th thinfilm structure on a first surface of the sub- 
strate, and the step of forming a break trench struo- 

5 ture includes f nning the break trench structure in 
the first surface of the substrate. 

3. A method according to Claim 2, wherein the step of 
abrasively machining the substrate Includes: 

10 

abrasively drilling the substrate from a second 
surface of the substrate to the break trench 
structure formed in the first surface. 

IS 4. A method according to any preceding claim, where- 
in the step of forming a break trench structure in- 
cludes etching the trench during an etch process. 

5. A method according to any preceding claim, where- 
^ in the feed slot has a perip heiy, and the step of form- 
ing the kureak trench structure includes: 

forming a peripheral break trench (1 34) around 
the perimeter of the feed slot. 

25 

6. A method according to Claim 5 wherein the step of 
forming the break trench structure further includes 
fomfiing a guide trench (132) within the periphery. 

30 7. A method according to any of Claims 1 -4 wherein 
the step of fonming the break trench structure in- 
cludes forming a broad trench (152) over the region 
of the feed slot. 

^ 8. A method according to any of Claims 1 -4 wherein 
the ink slot includes a plurality of spaced small slots 
(172A-172D), and the step of fonnning the break 
trench structure includes fonming a plurality of small 
trenches (1 74). one each forthespaced small slots. 

40 

9. A m^hod according to Claim 8 wherein the step of 
abrasively machining the substrate results In a plu- 
rality of small substrate islands (104D1-104D3) re- 
maining in areas separating the small slots. 

45 

10. A method according to any of Claims 1 -4, wherein 
the step of forming a break trench structure includes 
forming unconnected chip stop trenches (226A, 
2268) about a periphery of the to-be-formed feed 

so stot. 

11. A method according to Claim 10. wherein said un- 
connected chip stop trenches include left side and 
right side trenches (226A, 226B) fcsordering elongat- 

55 ed side edges of the periphery, and top and bottom 
trenches (246A, 246B) bordering top and bottom 
edges of the periphery. 
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12. A method according t Claim 1 0, wherein said un* 
connected chip stop trenches consist of left side 
and r^ht side trenches (246A, 246B) bordering 
elongated side edges oT the penpheiy, and wherein 

n trenches bordertop and bottom edges of th pe- 5 
riphery. 

13. A method according to any preceding daim, further 
comprising the step of applying a barrier layer to the 
thinfilm structure after fbnnlng the break trench io 
structure and before abrashreiy machining the sub- 
strate. 

14. A m^od according to Claim 13, further including 
attaching an orifice plate structure to the tmrrier lay- ^5 
er. 

15. A method according to any preceding claim, where- 
in: 

20 

the step of previding a printhead substrate In- 
cludes providing a silicon substrate, and 
ttie step of forming a break trench structure in- 
cludes etching the silicon substrate with a 
TMAH (Tetra Methyl Ammonium Hydroxkte) ^ 
etch p r ocess. 
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